We report the results of 25 total knee replacements in 24 patients with rheumatoid arthritis (RA) using the Dual Articular Knee prosthesis. There were four primary and 21 revision procedures. The main indication was severe joint instability. In four infected arthroplasties a two-stage revision procedure was used. Four patellar tendon avulsions and one deep infection were encountered. Results were excellent in 18 patients. Dual Articular Knee proved to be favourable in both demanding primary as well as revision arthroplasties in patients with RA.
Introduction
The knee joint is involved in 90% of patients with rheumatoid arthritis (RA) and in at least two-thirds of patients with juvenile chronic arthritis (JCA) during the course of the disease [1, 11, 25, 28] . Total knee replacement (TKR) is indicated when the rheumatoid knee is painful, unstable or deformed, patient has difficulties in ambulation and daily activities, and lesser surgical procedures have yielded unsuccessful results [6, 20, 28] . Long-term outcome after TKR in RA has been encouraging despite frequent technical problems due to soft tissue coverage, bone defects, osteopenia, fixed deformities, or instability [16, 23, 24, 26, 28] . However, after revision replacements the results have been poorer in both RA and osteoarthritis, and failures are associated with problems in bone stock, extensor mechanism, ligament instability, malalignment, or infection [5, 13, 19, 22] .
In revision replacements posterior-stabilised or even more constrained implants are sometimes needed [8, 15, 18, 19, 27] . We analysed our short-term results using the semiconstrained Dual Articular Knee in demanding primary and revision replacements in patients with rheumatic diseases.
Patients and methods
Four primary and 21 revision TKRs were performed on 24 patients (22 women, one bilateral case) between 1992 and 1999. The mean follow-up was 2.3 (1-8) years, and the mean age of the patients at the time of operation was 60 (28-76) years. Twenty patients had seropositive RA, three JCA, and one psoriatic arthropathy. Seven operations were performed on the right knee and 18 on the left. All patients used corticosteroids (prednisolone), and six patients received cytotoxic agents (mostly methotrexate). Demographic data of patients are presented in Tables 1 and 2 .
Procedures were performed using Dual Articular Knee (Biomet Merck Limited, UK) [9] , which belongs to AGC (Anatomically Graduated Components) Total Knee System. The prosthesis is designed to cope with both demanding primary TKRs associated with bone loss and with revision cases. It is a modular design with a bihelical tibial bearing allowing rotation at the articulation whilst preserving maximum congruity. The large Statement on conflict of interest: No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article central keel on the tibial bearing provides varus-valgus stability combined with posterior stabilisation (Fig. 1) . In preoperative planning component sizes were carefully assessed. Procedures were performed in a bloodless field using an anteromedial approach. Prophylactic antibiotic was cloxacillin 0.5 g or cefuroxin from 0.75 g to 1.5 g three times a day for two days. Enoxaparin 20-40 mg daily during hospitalisation was used as thrombosis prophylaxis. Loosened components and cement spacer (Palacos cum Gentamicin) (four cases, 2-stage reimplantation) were removed and prevailing bone defects filled with bone blocks or morselised bank bone grafts. In patella resurfacing (11 cases) only all-polyethylene inserts were used. Postoperatively a continuous passive motion device was used, and patients were mobilised on the second or third day.
Patient documents and pre-and postoperative radiographs were evaluated systematically. Radiolucent lines, fractures of bones, cement, and implants were recorded. Lateral patellar displacement (LPD) was measured and the length of patellar tendon (Insall-Salvati index) was assessed [30] . Resection lines, proper implant fit, and behaviour of bone grafts were evaluated, as well as implant migration or subsidence during the follow-up. In July 2000, 1-8 years after surgery, an interview of 22 patients was arranged to settle the subjective contentment of the patients and longevity of replaced knees; also the functional ability was recorded. In this evaluation the visual analogue scale (VAS) was used, where zero means normal knee function and 100 a significant impairment [10] . Two patients had died during the follow-up period, but the deaths were unrelated to TKR. Statistical calculations were performed using SPSS-program library (SPPS, Inc., Chicago, IL, USA). 1  30  5  2  5  5  24  10  1  7  60  F  1  40  2  1  2  8  4  55  2  8  71  F  1  27  5  1  6  2  8  4  65  3  9  48  F  2  33  5  3  2  3  12  1  10  52  F  1  26  5  3  3  5  8  1  1  1  11  47  F  1  21  5  2  2  2  8  20  1  12  67  F  1  39  5  3  3  3  12  0  1  13  60  F  1  43  5  3  6  2  24  0  1  14  60  F  1  21  1  3  2  8  5  1  15  56  F  1  29  5  3  2  8  15  1  16  28  F  2  24  2  2  12  0  1  17  69  F  1  43  5  2  3  2  12  1  18  76  F  1  7  2  3  12  19 
Results
In the primary group indications for operation were fixed valgus deformity in one knee and deformity combined with instability in three knees (Fig. 2. ). In the revision group indications were aseptic loosening and instability in 15 knees, instability without implant loosening in two knees, and infection in four knees (Table 1) . Primary replacement was performed 2-23 (mean 12) years before revision. In two cases the procedure was a second revision. In the primary operation patella resurfacing had been performed in seven of 21 revision knees. In eight knees the femoral component was loose, as were the tibial implant in five and both components in six. A significant polyethylene wear was detected on 12 tibial implants. Ipsilateral hip replacement had been performed in seven of 25 limbs. In the four knees with infection as indication, a two-stage procedure was performed [13] . A cement spacer was used for a period of 2-4 months. Bone defects occurred medially under the tibial tray in 10 knees and laterally in three, under the femoral component in three, and under both components in two.
In Dual Articular arthroplasty morselised bone grafts were used in 12 knees, combined morselised bone and blocks in six, and massive solid grafting in one (Fig. 3) . The mean thickness of tibial bearing was 12.6 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) mm. Patella resurfacing was performed in 11 knees, quadriceps tenotomy in five, and elongation in one. In the primary group the tibial resection line was located from -5 to 16 mm (mean 7 mm) above the line of fibular head. In the revision group the figures were from -19 to 10 mm (mean -1 mm). Postoperatively the mean LPD was 5 mm (0-20 mm). In the primary group the InsallSalvati index was 1.0 (0.9-1.2) and in the revision group 1.3 (0.9 -1.2). Weight bearing was allowed after 11 (4-24) weeks, depending on the amount of bone grafting.
At the latest follow-up active flexion was 40°-120°( mean 94°) and the extension deficit 0°-45°(mean 4°). In the radiographic evaluation minor (<1.5 mm) radiolucent lines were detected around the femoral component in nine knees and adjacent to the tibial implant in 11. No major radiolucencies or loosening were observed. Subjective contentment and functional ability are presented in Table 3 . There were four patellar tendon ruptures and one deep infection, and the total complication rate was 20%. In one patient the patellar tendon rupture was bilateral and, additionally, her second TKR became infected and finally led to arthrodesis. One patellar tendon was reconstructed using cadaver graft [2] . Patellar resurfacing was performed in three patients with tendon rupture. In patients with patellar tendon problems the mean tibial resection line was 1.3 mm below the line of the fibular head; in the other revision knees the mean resection line was 0.8 mm above. There was no difference in the thickness of the tibial bearing between patients with and without tendon problems. The four patients with previous infection healed without further complications. Functional ability and subjective contentment did not differ from other patients.
Discussion
All the patients in the present series had an active destructive rheumatic disease, and both primary and revision TKRs represented more or less extreme cases. Excellent result in 82% of patients is a favourable achieve- a Difference between preoperative and endpoint situations in 14 patients. Patients with other significant causes (severe hip involvement) to limit walking ability were excluded ment compared to previous results [5, 19, 21, 22] , although the follow-up period was rather short. There are only a few articles on the use of the Dual Articular Knee [9] . The implant is a semiconstrained prosthesis that is feasible in difficult primary or revision replacements with associated bone loss. Dual Articular Knee bridges the gap between the unconstrained or semirestrained condylar type and the complete restrained hinge prosthesis [3, 8] . The bihelical tibial bearing allows some rotation at the articulation preserving congruity and decreasing stress on the implant fixation. No instability was present in this series, in contrast to the results of Peters et al. using a conventional posterior stabilised implant [19] . All bone grafts were preserved in the present series and the prosthesis also was favourable in bone packing (Fig. 3 ) [4] . The complications were related to the extensor mechanism, and the infected arthroplasty was also originally associated with a patellar tendon injury. Patella resurfacing was performed in 11 knees, but in knees with patellar tendon injury patella was resurfaced in three out of four. Quadriceps tenotomy was only performed in one of the knees with patellar tendon rupture. The tibial resection line was low in those knees, and certainly the region for the patellar tendons' insertion was involved in tibial preparation and fixation. Joint line position did not differ from other revision arthroplasties [17, 30] . No symptoms of patellar impingement were detected in the present series. In the only primary replacement with patellar tendon rupture, the ipsilateral hip was anchylosed in adduction and flexion, and 1 month postoperatively the bony patellar tendon insertion was torn off during physiotherapy. In previous studies a high complication rate of the extensor mechanism has also been documented [14, 19, 29] . In revision replacements special attention should be paid to the circulation and the patellar positioning with preservation of the insertion of the inferior patellar ligament. In this series no osteotomy of the tibial tubercle was performed. The osteotomy gives an enhanced exposure of the knee, and this might have preserved the insertion [9, 19] , although the bone stock in this series was poor due to a high incidence of osteoporosis.
In the present series all replacements due to infection were cured using a two-stage procedure. In previous reports the successful reimplantation rate has varied between 78 and 86% [9, 13, 29] . The use of an antibiotic impregnated cement spacer may decrease the reinfection rate, and it allows easier exposure at the time of reimplatation [12] . Dual Articular Knee combined with bank bone grafting was favourable in the two-stage procedure [9] .
Radiolucent lines occurred rather frequently in the present series. All lines were <1.5 mm and located either under the base plate adjacent to the bone grafting or around the cemented stems. Progression of radiolucencies was not observed, and the significance remained undetermined. In previous series high prevalence of radiolucencies also has been reported [7, 19, 21] . Dual Articular Knee proved favourable both in difficult primary and in revision replacements in patients with rheumatic disease. The stability is good, and the prosthesis is suitable for bone grafting as well as bone packing.
